4 -T h io h y d an to in a n d l-p h e n y l-4 -th io h y d a n to in re a c te d w ith a ro m atic ald eh y d es to give th e co rresp o n d in g 5 -a ry lid e n e -4 -th io h y d a n to in ( l a -li ) . l a w as o b ta in e d also from 5-benzylidene h y d a n to in a n d p h o sp h o ro u s p e n ta su lp liid e . G rig n a rd re a g en ts a d d e d to th e la te ra l double b o n d o f (1 a -c ) to g iv e a fte r h y d ro ly sis th e colorless p ro d u c ts 3. T re a tm e n t of ( l a , b) w ith a lk y la tin g a g e n ts g a v e th e c o rresp o n d in g a lk y lm e rc a p to d e riv a tiv e s (4 a -h ).
Also (4a, e) w ere o b ta in e d b y th e a c tio n o f e th e re a l d ia z o m e th a n e on ( l a , b). B y fu rth e r m e th y la tio n o f (4 e) w ith d ia z o m e th a n e , a cy clo p ro p an e d e riv a tiv e could be isolated.
I t was first shown by W h e e l e r and H o f f m a n n 1 th at hydantoin reacts with aromatic aldehydes to give C-5 unsaturated hydantoin derivatives. The reaction was carried out in glacial acetic acid to which had been added fused sodium acetate and acetic anhydride, and was found to proceed smoothly with a number of aromatic aldehydes. It has been found that 2-thiohydantoms also undergo condensations with aromatic aldehydes, and that the condensation occurs easier than th a t with the corresponding hydantoins2,3.
Recently, 4-thiohydantoin was prepared by refluxing hydantoin with phosphorous pentasulphide in dioxane4. Under controlled conditions, 4-thiohydantoin was found to react with aromatic aldehydes in glacial acetic acid and in presence of fused sodium acetate at 120 °C to give the corre sponding arylidene derivatives (la -h ). While hydantoin and N-3 substituted hydantoin condensed readily
R e q u e sts fo r re p rin ts sh o u ld be sen t to D r. A. F . A. S h a l a b y , C h em istry D e p a rtm e n t, F a c u lty o f Science, Cairo U n iv e rsity , Giza, Cairo, E g y p te n .
with aromatic aldehydes, it was difficult to react aldehydes with N -l-substituted hydantoins1. The same observation has been made when l-phenyl-4-thiohydantoin was treated with benzaldehyde under the above controlled conditions to give a relative low yield of the benzylidene-4-thiohydantoin (2).
The arylidene-4-thiohydantoins (la-h ) are col oured compounds, they gave the correct analytical data and l a was obtained in good yield when 5-benzylidene hydantoin was refluxed with phospho rous pentasulphide in boiling dioxane.
In extension of the work on the action of Grignard reagents on heterocyclic nitrogen compounds5' 7, the action of these reagents on 5-benzylidene, 5-anisylidene and 5-(^-methyl benzylidene)-4-thiohydantoin now has been investigated. Thus, when the 5-arylidene-4-thiohydantoin derivatives were treated with Grignard reagents, followed by hydrolysis, the colourless products (3a-d) were obtained. The structure of the products was inferred from the fact they gave the correct analytical data. Also the finding th a t 3 b wras obtained by the action of phenylmagnesium bromide on 1 c and by the action R'v.
of p-tolylmagnesium iodide on 1 a may be taken in favour of the assigned structure for the Grignard products (3). 4-Thiohydantoin proved to be stable toward the action of phenylmagnesium bromide under similar experimental conditions. The stability of the thiohydantoin ring in 1 is in contrast to the opening of the oxazolone ring when 2-phenyl-4-arylidene-2-oxazolin-5-ones were treated with Gri gnard reagents8.
The alkylation of 5-arylidene-4-thiohydantoin (la, b) with different alkylating agents in aqueous sodium hydroxide and in presence of ethanol resulted in the formation of 4-alkylmercapto deri vatives. The corresponding oxygen compounds normally did not react to form 2-enol derivatives, but underwent alkylation on nitrogen atoms only9. The products (4a-h) are all coloured compounds; they gave the correct analytical data.
5-Benzylidene-4-methylmercaptohydantoin (4 a) was readily hydrolysed with a boiling mixture of hydrochloric acid and alcohol till the odour of methane thiol could not be detected, yielding 5-benzylidene hydantoin. Methylation followed by hydrolysis has proved a useful procedure for the replacment of sulphur by oxygen in some thiohydantoins and similar reaction paths are followed in the conversion of 2-thiohydantoins to hydantoins by refluxing with chloroacetic acid10 and by mercuric salts11.
Action of diazomethane on la , b (S-methylation) and on 4o (cyclopropane formation):
Treatm ent of 1 a, b with an ethereal diazomethane solution resulted in the formation of 4 a, e in quantitative yield [cf. the action of diazomethane on 5-arylidene-2-thiohydantoin7]. Its oxygen ana logues were reported to react with diazomethane to give the corresponding N-methyl derivatives12.
Form ation of cyclopropane (6) has been observed upon treatm ent of l,2-diphenyl-4-benzylidene-5-imidazolone (5) with ethereal diazomethane13'15.
We found th a t treatm ent of the yellow 5-anisylidene-4-methylmercapto hydantoin (4 e) with ethereal diazomethane solution yielded the colourless cyclo propane (7). 
Experimental

Preparation of 5-arylidene-4-thiohydantoins (la -li):
General procedure A mixture of 4-thiohydantoin (0.96 g, 0.006 mole), fused sodium acetate (2 g) and a slight excess (0.0065 mole) of the appropriate aldehyde in 25 ml glacial acetic acid was gently heated at 120 °C for 2 hours. During the reaction the solution became dark brown. The reaction mixture was cooled poured over ice cold water, then the separated solid was filtered off, washed with water and recrystal lised from ethyl alcohol (cf. Table I) .
The 5-arylidene derivatives (la-h ), listed in Table I , are yellowish in colour soluble in sodium hydroxide (10%). They are insoluble in petroleum ether and sparingly soluble in hot benzene. A ction of phosphorus pentasulphide on 5-benzylidene hydantoin 9.4 g of 5-benzylidene hydantoin16 were mixed well with 4.5 g phosphorus pentasulphide then covered with 90 ml of dry dioxane (dried over potassium hydroxide then over metallic sodium). The reaction mixture was refluxed for 40 min at 115-120 °C (bath temperature). During the reaction the dioxane aquires deep red colour. After the reac tion was completed the dioxane solution is filtered and then concentrated to half its volume and then it was left to cool. The yellow crystals, th at separated, was collected by filtration and it was proved to be 1 a by melting point and mixed melting point determination (yield 7 g). 8.8 g of 1-phenyl hydantoin17 were mixed well with 4.5 g phosphorous pentasulphide then covered with 90 ml of dry dioxane. The reaction mixture was refluxed for 40 min at 115-120 °C (bath tem pe rature). Then the reaction was completed, 2 g of zinc dust and 1 g of activated charcoal was added to it and the heating was continued 5 min more. The hot solution was filtered and it was concentrat ed to half its volume then poured over ice cold water. The solid, separated, was collected and recrystallised from ethyl alcohol as colourless crystals of l-phenyl-4-thiohydantoin, m.p. 201 °C (yield 8 g). The product is insoluble in cold xylene but soluble in hot xylene. I t does not give colour with concentrated sulphuric acid. Analysis: C9H 8ON2S Calcd C 56.25 H 4.16 N 14.58 S 16.66, Found C 56.19 H 4.21 N 14.63 S 16.59 .
Action of phosphorus pentasulphide on 1-phenyl hydantoin
Condensation of 1 -phenyl-4-thiohydantoin with benzaldehyde
A mixture of l-phenyl-4-thiohydantoin (0.96 g, 0.005 mole), fused sodium acetate (2 g) and a slight excess of benzaldehyde (0.583 g, 0.0055 mole) in 25 ml of glacial acetic acid was refluxed for 12 hours. During the reaction the solution became dark brown and the reaction mixture was left aside over night a t room tem perature, poured over water. The product, separated, was filtered off, and recrystal lised from xylene as yellow crystals m.p. 185 °C; yield (20%). The product gives brown colour with concentrated sulphuric acid. Analysis: C16H 12ON,S Calcd C 68.57 H 4.28 N 10.00 S 11.43, Found C 68.60 H 4.30 N 10.06 S 11.39 .
Action of phenylmagnesium bromide on l a , b
To an ethereal solution of phenylmagnesium bromide (prepared from 0.9 g of magnesium and 9 g of bromobenzene in 50 ml of dry ether) was added the appropriate arylidene-4-thiohydantoin dis solved in 50 ml dry benzene. The reaction mixture was refluxed on a steam bath for 2 hours then it was left to cool at room tem perature. I t was decomposed by 200 ml of cooled saturated aqueous ammonium chloride solution and extracted with ether. The ethereal layer was dried over anhydrous sodium sulphate and evaporated. The solid residue, so ob tained, was washed with petroleum ether (b.p. 40-60 °C) and was recrystallised from ethanol as colour less crystals. 1 a gave 3a, m.p. 228 °C; yield 75%.
A nalysis: C16H 14ON2S Calcd C 68.08 H 4.96 N 9.92 S 11.34, Found C 68.00 H 4.90 N 10.00 S 11.29 . l b gave 3c, m.p. 146 °C, yield 69%. Analysis: C17H 160 2N 2S Calcd C 65.38 H 5.13 N 8.97 S 10.25, Found C 65.41 H 5.09 N 8.91 S 10.31 .
Action of p-tolylmagnesium iodide on 1 a, b
To an ethereal solution of ^-f°lyimagnesium iodide (prepared from 0.8 g of magnesium and 7.5 g of ^-iodotoluene in 40 ml of dry ether) was add the appropriate arylidene-4-thiohydantoin followed by 50 ml of dry benzene. The reaction mixture was worked up as above and the residual substance was crystallised from ethyl alcohol as colourless crystals, l a gave 3b, m.p. 145 °C; yield 70%.
A nalysis: C17H 16ON2S Calccl C 68.91 H 5.40 N 9.45 S 10.81, Found C 68.89 H 5.38 N 9.49 S 10.78. lb 59 S 9.81, Found C 66.21 H 5.58 N 8.63 S 9.77 .
The Grignard products 3a-d are all colourless, soluble in aqueous sodium hydroxide (10%) and give red colour with concentrated sulphuric acid.
Action of phenylmagnesium bromide on p-methyl benzylidene-4-thiohydantoin (1 c)
To an ethereal solution of phenylmagnesium bromide (prepared in a similar manner as above) was added 1.5 g of 1 c in 50 ml of dry benzene. The reaction mixture was worked up and the solid so obtained was washed with light petroleum ether (b.p. 40-60 °C) and recrystallised from ethanol as colourless crystals, m.p. 146 °C. I t was proved to be 3 b by melting point and mixed melting point deter minations.
Attempted action of phenylmagnesium bromide on 4-thiohydantoin
To an ethereal solution of phenylmagnesium bromide (prepared in a similar manner as above), was added 1.5 g of 4-thiohydantoin in 50 ml of dry benzene. The Grignard reaction was worked up and the starting material was recovered almost un changed (melting point and mixed melting point determinations).
Action of alkyl halides on 5-arylidene-4-thiohydan-
To each of l a , b (0.06 mole) in 120 ml of sodium hydroxide (2%) and ethanol (90 ml) was added the appropriate alk}d halide (0.066 mole). The reaction mixture was stirred for 15 min till it became turbid followed by the separation of the product. The reaction mixture was left aside overnight at room temperature. The product was filtered off, washed with water and recrystallised from alcohol (cf .  Table II) .
The 4-alkylmercapto derivatives 4a-h, listed in Table II , are yellow in colour, insoluble in sodium hydroxide (10%) and give orange colour with concentrated sulphuric acid.
Action of concentrated hydrochloric acid on 4 a
A mixture of 1 g of 4 a in 40 ml alcohol and 8 ml of concentrated hydrochloric acid was refluxed till the odour of the evolved methyl thiol could not be detected. The reaction mixture was allowed to cool, poured over water and the solid, so obtained, was collected by filtration and was crystallised from alcohol, m.p. 220 °C, and identified as 5-arylidene hydantoin by melting point and mixed melting point determ ination16.
Action of ethereal diazomethane on l a , b
An ethereal diazomethane solution (from 4 g of nitrosomethylurea) was added to 1 g of each of 1 a, b suspended in 30 ml of ether, and in the presence of two drops of methanol. The reaction mixture was kept overnight in the ice chest and then treated with a fresh amount of an ethereal diazomethane solution (from 4 g nitrosomethylurea). After three days, the reaction mixture was evaporated and the solid, so obtained, was crystallised from ethanol as yellow crystals. The product was identified as 5-arylidene-4-methylmercapto hydantoin by melting point and mixed melting point determ ina tions.
l a gives 4a m.p. 233 °C; yield 88%. l b gives 4e m.p. 240 °C; yield 85%.
Actioyi of ethereal diazomethane on ö-anisylidene-4-
methyl-mercapto hydantoin (4e) An ethereal diazomethane solution (prepared in a similar manner as described above) was added to 1.0 g of 4 e dissolved in 30 ml of dry ether. After the reaction was completed a colourless crystals were separated, collected by filtration and recrystallised from a mixture of dimethyIformamide and water (1 : 1) as 7 m.p. 220 °C; yield (0.6 g).
Analysis: C13H 140 2N 2S Calcd C 59.54 H 5.34 N 10.68 S 12.21, Found C 59.60 H 5.29 N 10.71 S 12.19. T ab le I I . 5 -A ry lid en e -4 -a lk y lm erca p to h y d a n to in . 
